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(54) Title: REAGENT FOR DETECTION OF BIOMOLECULES, AND USE THEREOF 

(57) Abstract: A cell-free reagent for detection of a target molecule is disclosed. Said reagent comprises a binding domain linked 
to a reporter domain. The binding domain has aQlnily to the target molecule and will bind to it when brought in contact therewith. 
The binding of the binding domain to the target molecule will induce dimerization of one reagent molecule with another reagent 
molecule with a similar binding domain, and as a result the reporter domain will induce a measurable signal. The binding domain 
may e.g. be the extracellular domain of a receptor, and the reporter molecule may be the intracellular domain of another receptor. 
Also the use of said receptor for the determination of the presence and/or the level of a taiget molecule present in a fluid sample and 
for the scrsening of potentially pharmaceutical active biomolecules is disclosed. 
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REAGENT FOR DETECTION OF BIQMQLECULBS , AND USE THEREOF 

Field of the invention 
The present invention relates to a new cell -free 
reagent for detection of biomolecules, and in particular 
of receptor ligands. The invention also relates to use of 
5 said reagent. 

Description of background and re lated art 
The activation of several receptors is initiated by 
dimerization of two receptor molecules. Examples of re- 

10 ceptors where activation is dependent receptor dimeriza- 
tion include receptors of the cytokine receptor superfa- 
mily and the tyrosine kinase superfamily. Receptors of 
the receptor tyrosine kinase family are single -pass 
transmembrane proteins with intrinsic enzymatic activity. 

15 The receptors consist of an extracellular domain which 

binds ligands, a transmembrane domain and a cytoplasmatic 
or intracellular domain which has enzymatic activity. The 
cytoplasmatic domain of the tyrosine kinase receptors can 
catalyze the transfer of phosphate from ATP to tyrosine 

20 residues in protein substrates. Activation of the recep- 
tors is initiated by ligand binding, which facilitates 
receptor dimerization and results in phosphorylation of 
tyrosine residues in the intracellular domain of the re- 
ceptor protein. The phosphorylated tyrosine residues en- 

25 hance the catalytic activity of the receptor or serve as 
docking sites for downstream signaling molecules. The ty- 
rosine kinase receptor superfamily includes several 
growth factor receptors, e.g. receptors for epidermal 
growth factor (EFG) , fibroblast growth factor, platelet 

30 derived growth factor, and vascular endothelial growth 
factor. 

Receptors of the cytokine superfamily are single 
chain transmembrane receptors consisting of an extracel- 
lular ligand-binding domain, a transmembrane domain and 
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an intracellular cytoplasmatic domain. The GH receptor 
(GH-R) is a member of the cytokine receptor super-family, 
which also includes, amongst others, the receptors for 
prolactin, leptin, erythropoietin, macrophage colony- 
5 stimulating factor, interleukins and leukemia inhibitor 
factor. In contrast to the receptors of the tyrosine ki- 
nase superfamily, the cytoplasmatic domain of the cyto- 
kine receptors lacks intrinsic enzymatic activity. 

In clinical medicine and for research purposes, the 

10 concentration of ligands for various receptors is often 
measured in biological fluids. So far, this has mainly 
been done using immunoassay based on antibodies capable 
of binding to the ligand. However, such assays measure 
both biologically active and inactive molecules. 

15 WO 94/29458 describes hybrid receptor molecules 

wherein one domain of the receptor is derived from the 
cytokine superfamily of receptors and another domain is 
derived from an unrelated family of receptors. One of the 
domains is a receptor extracellular domain and the other 

20 is a receptor intracellular domain. These hybrid receptor 
molecules also comprises an transmembrane domain derived 
from the same receptor as either the intracellular or ex- 
tracellular domain, or it may be derived from a third re- 
ceptor source. The hybrid receptor molecules according to 

25 WO 94/29458 are then transfected into host cell lines be- 
fore they can be used for, for example, screening for re- 
ceptor ligands. A major disadvantage with these hybrid 
receptor molecules is that they are transfected into 
cells and must be used as a cell culture, and thus cannot 

30 be used in solution. 



Summary of the invention 
The object of the present invention is to provide a 
reagent based on type of hybrid receptor that can be used 
35 in solution. 

The method according to the present invention is 
based on the use of a dimerizable, or optionally oli- 
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gomerizable, molecule, preferably a biomolecule, compris- 
ing or consisting of a soliible chimeric receptor or part 
of such a receptor linked to a molecule which has an ac- 
tivity or other feature that is changed after dimeriza- 
5 tion of two such biomolecules . The reagent according to 
the present invention has the advantage, compared to 
hitherto utilized reagents such as antibodies, that it 
recognizes molecules that activate or inhibit receptors. 
Another advantage of the invention is that it is 
10 possible to use the chimeric receptor in solution instead 
of on cells or transfected into cells to obtain a signal 
caused by a ligand for the receptor. 

The inventors have also for the first time shown . 
that is that it is not necessary to include the transmem- 
15 brane domain of a membrane -bound receptor in a reagent. 

The reagent according to the invention can be used 
to measure the concentration of biochemically active li- 
gand. 

It can also be used to search for unknown molecules 

20 which can bind to and activate or inhibit the receptor of 
interest. In the search for such ligands, the reagent ac- 
cording to the present invention may replace the cell 
based high throughput screening systems commonly used in 
pharmaceutical research to identify candidates for drug 

2 5 development . 

In the research work leading to the present inven- 
tion the inventors have for the first time recognized 
that many of the problems associated with the use of chi- 
meric receptors expressed on cells can be overcome by us- 

30 ing such receptors as reagent in a cell free system. 

Thus, the present invention relates to a cell -free 
reagent for the detection of target molecules, said rea- 
gent comprising a binding domain linked to a reporter do- 
main, wherein said binding domain has affinity to said 

35 target molecule and will bind to said target molecule 

when brought in contact therewith, and wherein the bind- 
ing of said binding domain to said target molecule will 
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induce dimerization or oligomerization of the reagent 
molecule with another reagent molecule with a similar 
binding domain, and wherein said reporter domain will in- 
duce a measurable signal upon said dimerization or oli- 
5 gomerization 

The invention also relates to a method for determi- 
nation of the presence and/or the concentration of a spe- 
cific target molecule in a sample, such as a body fluid, 
or more precisely to the use of the above mentioned rea- 

10 gent for the determination of the presence and/or the 

concentration of a specific target molecule in a sample. 

The invention also relates to a method for screening 
of potentially pharmaceutical active biomolecules, or 
more precisely to the use of the above mentioned reagent 

15 for the screening of potentially pharmaceutical active 
biomolecules . 

The characterizing features of the invention will be 
evident from the following description and the appended 
claims . 

20 

Detailed description of the invention 
As stated above the invention relates to reagent for 
detection of a target molecule, said reagent comprising a 
binding domain linked to a reporter domain, wherein said 

25 binding domain has affinity to said target molecule and 
will bind to said target molecule when brought in contact 
therewith, and wherein the binding of said binding domain 
to said target molecule will induce dimerization or oli- 
gomerization of the reagent molecule with another reagent 

30 molecule with binding domain, and wherein said reporter 
domain will induce a measurable signal upon said dimeri- 
zation or oligomerization. 

The binding domain of the reagent according to the 
invention may be any kind of molecule or structure that 

35 has affinity for the target molecule to be detected. It 
may, for example, be any kind of receptor or part of re- 
ceptor. When the binding domain is constituted of a part 
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of a receptor, this part should comprise the specific 
binding site of the receptor in question. Non-limiting 
examples of such a receptor suitable for forming the 
binding domain of the reagent according to the invention 
5 are growth hormone receptors (GH-R) , erythropoietin re- 
ceptors and EGF receptors (EGF-R) - 

The reporter domain of the reagent according to the 
invention may be any kind of molecule or structure that 
in some way will lead to a measurable signal upon dimeri- 

10 zation, or oligomerization, of the reagent. The reporter 
domain should thus have an intrinsic activity or other 
feature which is possible to detect after dimerization. 
It may also have a measurable activity prior to dimeriza- 
tion, and in this case the activity will be altered by 

15 the dimerization. Preferably the target molecule is a 

biomolecule, which must be capable of dimerizing or oli- 
gomerizing the reagent. Non-limiting examples of such 
ligands are hormones, receptor agonists, receptor antago- 
nists, antigens, antibodies, and non-peptide molecules - 

20 The binding domain and the reporter domain of the 

reagent according to the invention may be linked directly 
to each other. They may also be linked to each other via 
any kind of spacer, provided that this spacer does not 
have any negative influence on the affinity of the bind- 

25 ing domain to the target molecule or on the dimerization 
or oligomerization of the reporter domain or on the in- 
ducement of the measurable signal . 

The measurable signal induces upon dimerization or 
oligomerization may e.g. be the activation of an enzyme, 

30 which modifies a substrate. The modified subtrate may be 
detected by several methods known to man skilled in the 
art, e.g. spectrophotometrically or as incorporated ra- 
dioactivity. 

The sample analyzed with the reagent according to 
35 the invention may be any fluid sample, such as a body 
fluid or a solution of different biomolecules . 
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In preferred embodiment of the invention the reagent 
consists of a fusion protein formed between the extracel- 
lular domain of the human growth hormone receptor linked 
to the intracellular domain of the human epidermal growth 
5 factor receptor, for which the intrinsic enzymatic activ- 
ity is activated when two such molecules are dimerized by 
a ligand. 

Another example of specific reagent according to the 
invention is a fusion protein between the extracellular 

10 domain of a cytokine receptor linked to the intracellular 
domain of a tyrosine kinase receptor, for which the in- 
trinsic enzymatic activity is activated when two such 
molecules are dimerized by a ligand. 

The reagent may be used in the form of a solution, 

15 However, in some cases it may be advantageous to attach 
the reactant to a solid carrier, such as a plate or test 
tube. 

The reagent according to the invention is suitable 
for detection and concentration dete3nnination of a spe- 

20 cific target molecule in a sample. 

The reagent according to the invention may also be 
used in assays for measuring the concentration of the 
target molecule, wherein the reagent replaces the tradi- 
tionally used antibodies. For this purpose, the reagent 

25 is exposed to unknown amounts of the target molecule in a 
sample and the signal produced is compared to the signal 
in a standard curve constructed by activation of the fu- 
sion protein by known amounts of a target molecule . 

30 Examples 

The invention is further illustrated in the examples 
below, which in no way are intended to limit the scope of 
the invention. 

In the examples reference is made to the appended 
35 drawings on which: 

Fig. 1 illustrates Xba-Kpn I and Hind III-Kpn I diges- 
tion of pAL-1-48. Clone number identifies the 
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specific colony from which the plasmid was puri- 
fied and ''uncut" refers to undigested plasmid; 
Fig. 2 illustrates Xba I-Hind III digestion of pAL-1-48; 
Fig. 3 illustrates detection of GH using cell lysates 
5 containing a recombinant reagent consisting of a 

GH-R extracellular domain/EGF-R intracellular do- 
main fusion protein; and 
Fig. 4 illustrates detection of GH using purified recom- 
binant reagent consisting of a GH-R extracellular 
10 domain/EGF-R intracellular domain fusion protein. 

In the examples, the following abbreviations, which 
are well known to man in the art, are used: 
GH-R = growth hormone receptor 
hGH-R = human growth hormone receptor 
15 EGF-R = epidermal growth factor receptor 

hEGF-R = human epidermal growth factor receptor 
PGR = polymerase chain reaction 



Example I 

20 In this example, a reagent consisting of a 

GH-R/EGF-R fusion protein was produced. 

To produce the reagent, a DNA construct was made 
with a cDNA sequence corresponding to the extracellular 
domain of the human GH-R (hGH-R) ligated to a cDNA se- 

25 quence corresponding to the intracellular domain of the 
human epidermal growth factor receptor (hEGF-R) . The re- 
combinant GH-R/EGF-R chimeric receptor was expressed in a 
baculovirus system using methods known to man skilled in 
the art. 

30 

Generation of the baculoviirus expression vector for the 
GH-R/EGF-R fusion protein 

cDNA encoding the extracellular domain of the hGH-R 
was obtained by PGR using primers 5 ' - 
3 5 G GTCTAGAA CCATGGGACATCACCATCACCATCACTTTTCTGGAAGTGAGGCCA- 3 ' 
and 5«-AGGTACCTTGGCTCATCTGAGGAAGT-3' (the underlined se- 
cjpiences contain restriction enzyme sites for Xba I and 
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Kpn I, respectively and the bold sequence encodes a re- 
peat of six histidine residues) , based on the nucleotide 
sequence of the hGH-R, using a plasmid/ containing the 
hGH-R cDNA modified by site-directed mutagenesis to allow 
5 efficient replication in E, coli, as template. Amplifica- 
tion was done in Taq extender buffer (10 mM KCl, 20 mM 
Tris-HCl (pH 8,8), 10 mM NH4SO4, 2 mM MgS04, 0,1% triton 
X-100, 0.1 mg/ml BSA) , a mixture of Taq polymerase 
(2.5 U) (Boehringer Mannheim, Mannheim, Germany) and Pfu 

10 (1.25 U) (Stratagene, La Jolla, CA, U.S.A.), primers (50 
|HM each), human liver cDNA, dNTP (0.2 mM each), using a 
PGR GeneAmp System 9600 (Parkin Elmer, Foster City, CA, 
U.S.A.), programmed for 20 cycles with a denaturation 
step at 94°C for 20 s, annealing at 55°C for 20 s and an 

15 extension step at 72 °C for 1 min and 30 s. 

The hEGF-R was cloned by PGR using primers 5 * - 
AGGTACCCGAAGGCGCCACATC GTT-3' and 5'- 

TCTCA^SeTTTCAGTGATGGTGATGGTGATGTGCTCCAATAA ATTCACT-3 ' , 
(the underlined sequences contain restriction enzyme 

20 sites for Kpn I and Hind III, respectively and the bold 
sequence encodes a repeat of six histidine residues) , 
based on the nucleotide sequence of the hEGF-R, using 
cDNA as template. Amplification was done as described 
above. The PCR GeneAmp System was this time programmed 

25 for 20 cycles with a denaturation step at 94°C for 20 s, 
annealing at 55°C for 20 s and an extension step at 72®C 
for 3 min. The primers used were purchased from Scandina- 
vian Gene Synthesis AB, Koping, Sweden. 

The hGH-R and EGF-R DNA fragments were cloned into 

30 pCRII (Invitrogen, San Diego, CA, U.S.A.), yielding pAL* 
1-26 and pAL-1-32, respectively. The E. coli strain DH5- 
alpha was used for amplification of plasmid DNA, using 
the expression of plasmidic lacZ indicator gene for se- 
lection of colonies containing the insert. Transformation 

35 and plasmid purification (QIAprep Spin Miniprep Kit, 

Qiagen, Germany) were performed. Inserts of correct size 
were verified by restriction enzyme digestion. Eco RI di- 
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gestion of pAL-1-2 6 generated a fragment corresponding to 
the expected size of 800 bp, whereas Hind III-Eco RV di- 
gestion of pAL-1-32 revealed a fragment of 1600 bp, as 
expected. 

5 

Construction of expression-vectora 

The plasmid pAL-1-26 was digested with Kpn I and Xba 
I and the released fragment was gel-purified and sub- 
cloned into a Kpn I- Xba I digested pFAST (Gibco, Pais- 

10 ley, UK.), yielding the plasmid pAL-1-38. As before, E. 

coli strain DH5-alpha was used for amplification of plas- 
mid DNA. To identify clones with a correct insert, re- 
striction enzyme digestion was performed. Hind II I -Bam HI 
digestion revealed an insert of expected size and Hind 

15 III-Eco RV digestion verified correct orientation of the 
fragment . 

The pAL-1-32 plasmid was digested with Kpn I- Hind 
III, the released fragment was gel purified and subcloned 
into a Kpn I- Hind III digested pAL-1-38 yielding the 

20 plasmid pAL-1-48, To verify clones with correct insert, 
digestion was done with Xba I -Kpn I (releasing the GH-R 
fragment) , Kpn I -Hind III (releasing the EGF-R fragment) 
(Fig. 1) and Xba I -Hind III that released the fusion pro- 
tein DNA construct (Fig. 2) . Clone 9 was selected for 

25 further work. 

Verification hy sequencing 

Sequencing of the plasmids pAL-1-26, pAL-1-32, pAL- 
1-38 and pAL-1-48 was performed using of the PRISM BigDye 
30 Terminator Sequencing Kit (Applied Biosystem Division, 
Perkin Elmer, Foster City, CA, U.S.A.) and an ABI 377A 
automatic sequencer (Applied Biosystem) . The DNA se- 
quences were aligned to the corresponding DNA sequences 
obtained from Genebank. No mismatches were found. 



35 
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Protein expression 

Recombinant protein was expressed using baculovirus, 
Bac-to-Bac expression system (GIBCO, Paisley, U.K,) using 
methods known to man skilled in the art. All reagents for 
5 cell culture and transfection were from GIBCO. 

Example II 

In this example, a cell free bioassay for human GH 
was developed using a reagent according to the invention - 

10 In contrast to the cytokine receptors (e.g. GH-R) , 

receptors of the tyrosine kinase family (e.g. EGF-R) pos- 
sess intrinsic tyrosine kinase activity and are therefore 
not dependent on other proteins for enzyme activity. 
Therefore, a GH-R extracellular domain/EGF-R intracellu- 

15 lar domain fusion protein was used as the reagent to de- 
tect GH in a sample. 

Lysates from cells expressing the recombinant GH- 
R/EGF-R fusion protein was added to samples containing 
recombinant human GH and to control samples containing no 

20 GH. A solution containing a biotinylated peptide sub- 
strate and radiolabeled ATP was added to the samples. Af- 
ter incubation at 30°C for 15 min, the reaction was 
stopped by adding termination buffer. The samples were 
pipetted on to streptavidin coated membranes. The mem- 

25 branes were washed and the radioactivity was counted. As 
shown in Fig. 3, the presence of GH in the samples re- 
sulted in increased phosphorylation of the substrate. 

In a similar experiment, the recombinant GH-R extra- 
cellular domain/EGF-R intracellular domain fusion protein 

30 was purified from lysates from cells expressing the fu- 
sion protein using Ni-NTA columns (Qiagen, Germany) and 
the repeats of histidine residues (see Example I) as af- 
finity tags. 

Purified recombinant GH-R/EGF-R fusion protein was 
35 added to samples containing recombinant human GH and to 
control samples containing no GH. A solution containing a 
biotinylated peptide substrate and radiolabeled ATP was 
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added to the samples. After incubation at BC'C for 15 
min, the reaction was stopped by adding termination 
buffer. The samples were pipetted on to streptavidin 
coated membranes. The metnbranes were washed and the ra- 
5 dioactivity was counted. As shown in Fig. 4, the presence 
of GH in the satrples resulted in increased phosphoryla- 
tion of the substrate. 
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CliAIMS 

1. A cell-free reagent for detection of a target 
molecule comprising a binding domain linked to a reporter 

5 domain, wherein said binding domain has affinity to said 
target molecule and will bind to said target molecule 
when brought in contact therewith, and wherein the bind- 
ing of said binding domain to said target molecule will 
induce dimerization or oligomerization of the reagent 
10 molecule with another reagent molecule with a similar 

binding domain, and wherein said reporter domain will in- 
duce a measurable signal upon said dimerization or oli- 
gomer i zat ion . 

2. A reagent according to claim 1, wherein said 
15 target molecule is a biomolecule. 

3. A reagent according to claim 1 or 2, wherein 
said measurable signal is generated upon dimerization or 
oligomerization. 

4. A reagent according to claim 3, wherein said 

20 measurable signal is caused by the activation of an en- 
zyme upon said dimerization or oligomerization, 

5 . A reagent according to any one of the claims 
1-4, wherein said binding domain is directly linked to 
said reporter domain. 

25 6, A reagent according to any one of the claims 

1-5, consisting of only said binding domain and said 
reporter domain. 

7 . A reagent according to any one of the claims 
1-4, wherein said binding domain is linked to said re- 

30 porter domain by means of a spacer. 

8 . A reagent according to any one of the claims 
1-7, for the determination of the amount of biochemi- 
cally active target molecule in a sanqple. 

9. A reagent according to claim 8, wherein said sam- 
35 pie is a body fluid. 
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10. A reagent according to any one of the claims 
1-9, wherein said binding domain is constituted by at 
least a part of a receptor. 

11. A reagent according to claim 10, for the iden- 
5 tification of target molecules binding to the receptor. 

12 . A reagent according to any one of the claims 
1-11, wherein said reporter domain is constituted by at 
least a part of a receptor. 

13. A reagent according to any one of the claims 
10 1-12, wherein said binding domain is the extracellular 

domain of a growth hormone receptor. 

14. A reagent according to claim 13, wherein said 
binding domain is the ' extracellular domain of the human 
growth hormone receptor. 

15 15. A reagent according to claim 13 or 14, for the 

detection of growth hormone. 

16. A reagent according to any one of the claims 

1-12, wherein said binding domain is the extracellular 

domain of an erythropoietin receptor. 
20 17. A reagent according to claim 16, wherein said 

binding domain is the extracellular domain of the human 

erythropoietin receptor. 

18. A reagent according to claim 16 or 17, for the 

detection of erythropoietin. 
25 19. A reagent according to any one of the claims 

1-12, wherein said binding domain is the extracellular 

domain of an epidermal growth factor receptor. 

20. A reagent according to claim 19, wherein said 
binding domain is the extracellular domain of the human 

30 epidermal growth factor receptor. 

21. A reagent according to claim 19 or 20, for the 
detection of epidermal growth factor. 

22. A reagent according to any one of the claims 

1 - 21, wherein said reporter domain is the intracellular 
35 domain of an epidermal growth factor receptor. 
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23. A reagent according to claim 22, wherein said 
reporter domain is the intracellular domain of the human 
epidermal growth factor receptor. 

24. A reagent according to any one of the claims 

5 1-21/ wherein said reporter domain is the intracellular 
domain of a tyrosine kinase receptor- 

25. A reagent according to claim 24, wherein said 
reporter domain is the intracellular domain of a human 
tyrosine kinase receptor, 

10 26. Use of a reagent according to any one of the 

claims 1-25, for the determination of the presence 
and/or the level of a target molecule present in a fluid 
sample . 

27. Use of a reagent according to any one of the 
15 claims 1-25, for the screening of potentially pharma- 
ceutical active molecules. 

28. Use according to claim 27 in the production of 
a pharmaceutical composition. 
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